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Glycosylation is the most widespread protein modification and is known to modulate signal
transduction and several biologically important interactions. In order to understand and
evaluate the biological role of glycosylation it is important to identify the glycosylated protein
and localize the site glycosylation under particular biological conditions. To identify glycosy-
lated peptides from simple mixtures, i.e., in-gel digests from single SDS PAGE bands we
performed high resolution, high accuracy precursor ion scanning using a quadrupole TOF
instrument equipped with the Q2 pulsing function. The high resolving power of the
quadrupole TOF instrument results in the selective detection of glycan specific fragment ions
minimizing the interference of peptide derived fragment ions with the same nominal mass.
Precursor ion scanning has been previously described for these glycan derived ions. However
the use of this method has been limited by the low specificity of the method. The analysis using
precursor ion scanning can be applied to any peptide mixture from a protein digest without
having previous knowledge of the glycosylation of the protein. In addition to the low
femtomole (nanomolar) detection limits, this method has the advantage that no prior
derivatization or enzymatic treatment of the peptide mixtures is required. (J Am Soc Mass
Spectrom 2003, 14, 777–784) © 2003 American Society for Mass Spectrometry
Current genome sequencing efforts have resultedin a remarkable resource of protein and putativeprotein sequences. These protein sequences,
which are stored in accessible databases, increase the
facility with which proteins may be identified using
mass spectrometry. As protein identification at the
subpicomole level becomes routine, there is a shift in
interest from simple protein identification, i.e., correla-
tion of a sample spot on a PAGE gel with an accession
number, to protein characterization with special em-
phasis on the analysis of the co- and posttranslational
protein modifications. One of these modifications is
protein glycosylation, which is the most common pro-
tein modification. It is estimated that 50% of all proteins
are glycosylated [1]. This modification plays a major
structural role but is also heavily involved in cell-cell
recognition and modulating molecular interaction. Fur-
thermore, there is the increasing notion that reversible
glycosylation plays a pivotal role in signaling mecha-
nisms [2]. In order to understand and evaluate the
biological role of glycosylation in detail it is important
to analyze the glycosylation. A comprehensive analysis
comprises three steps, each of them is a challenge on its
own: (1) The identification of glycosylated proteins and
peptides, (2) the localization of the glycosylation sites,
and (3) the elucidation of the glycan structure. One of
the major problems with glycosylation analysis is the
fact that this modification is normally highly heteroge-
neous such that it induces a fairly undefined mass shift
that can easily exceed the mass of the peptide. In
contrast, “simple” modifications such as phosphoryla-
tion or acetylation induce well-defined mass shift (or
multiples thereof).
One approach that can be used to identify glycosy-
lated peptides is precursor ion scanning for glycan
derived fragment ions. As further MS/MS studies of the
identified glycopeptides can be performed immediately
after their identification, much information about the
glycopeptide may be derived. Subsequent mass spec-
trometric experiments elucidating the sequence or
structure of the peptide and the glycan can be executed,
in order to localize the glycosylation site. Information
with respect to the compositions and the sequences of
the glycans can also be obtained. The characteristic
fragment ions used for this purpose are normally the
“reporter” oxonium ions of hexose at m/z 163.060, of
N-acetylhexosamines at m/z 204.084, and of hexoylhex-
osamine at m/z 366.139 [3], but much larger oxonium
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ions have also recently been used [4]. These fragment
ions enable the selective detection of glycosylated pep-
tides using precursor ion scanning or skimmer frag-
mentation routines on triple or single quadrupole mass
spectrometers, respectively. However, Carr and co-
workers reported a lack of specificity for these precur-
sor ion experiments whereby other nonglycosylated
peptides produce signals in the precursor ion scan as
the produce other peptide-derived fragment ions that
have the same nominal mass as the characteristic re-
porter ion [5]. This problem is commonly encountered
when low resolution triple quadrupole mass spectrom-
eters are used for precursor ion experiments. In order to
successfully use a triple quadrupole mass spectrometer
for precursor ion scanning experiments characteristic
fragment ions have to be unique within 0.5 Da. This
factor has prevented the widespread use of precursor
ion experiments for protein modification analysis in
general and in particular for protein glycosylation anal-
ysis, as many characteristic fragment ions are not
unique within the required limits. However, in some
cases the selectivity of precursor ion experiments can be
significantly increased by using high resolution, high
accuracy quadrupole TOF mass spectrometers
equipped with so-called Q2 pulsing, which enables
precursor ion experiments on quadrupole TOF instru-
ments with similar sensitivities as on triple quadrupole
mass spectrometers. Using this type of tandem mass
spectrometer for precursor ion scanning it is sufficient if
the reporter fragment ion is unique within 0.03 Da as
compared with the 0.5 Da, required when using the
traditional triple quadrupole mass spectrometer. Since
the second mass analyzer in quadrupole TOF instru-
ment, the TOF, cannot be used as filter, the acquired
spectra are not true precursor ion spectra but recon-
structed spectra. This implies that longer scan times are
necessary, thereby limiting this approach. The applica-
tion of this high resolution precursor ion scanning was
recently demonstrated by Steen et al. for the selective
detection of various protein modifications such as ty-
rosine phosphorylation and nitration, tryptophan bro-
mination, and proline hydroxylation by utilizing the
corresponding immonium ions [6–9]. All the immo-
nium ions used for high resolution, high accuracy
precursor ion scanning showed a mass difference less
than 0.1 Da with respect to the interfering peptide-
derived fragment ions with the same nominal masses.
This mass shift was adequately large such that the
resolution of the reporter ions from the interfering
fragment ions was feasible. The characteristic mass
difference observed for the above-described modifica-
tions is the result of a higher incidence of mass deficient
elements, such as phosphorus, oxygen, or bromine.
Glycan derived-oxonium ions are not strictly speaking
mass deficient, nevertheless they show resolvable mass
difference with respect to other interfering fragment
ions when using high resolution, high accuracy frag-
ment ion selection which would increase the specificity
of precursor ion scanning for the selective identification
of glycopeptides within complex peptide mixtures.
Here we investigate the use of the high resolution
precursor ion scans for the identification of previously
unknown glycopeptides in complex peptide mixtures.
We first tested several synthetic glycopeptides to estab-
lish and optimize conditions prior to applying the high
resolution scan to “real” samples. We then show the
applicability of these methods in locating previously
unknown glycopeptides in complex protein digests.
Experimental
Chemicals and Compounds
Chemicals and the standard glycoproteins ovalbumin
and lactoglobulin were obtained from Sigma-Aldrich
(St. Louis, MO). High purity solvents were purchased
from Labscan (Dublin, Ireland). The synthetic glycopep-
tides GFYFNKPSGYGSSSRRA, PTTTPIST, ITTTTTVT,
and VITAFNEGLK (glycosylation sites are in bold face)
were obtained from the Carlsberg Research Center
(Copenhagen, Denmark). Sequencing grade trypsin was
purchased from Roche Diagnostics (Mannheim, Germa-
ny).
Protein Expression and Purification
Urokinase plasminogen activator receptor (UPAR), ex-
pressed in Chinese hamster ovary cells and in SN194
Snyder cells. Proteins were separated by SDS-PAGE
(4–12% NuPage; Novex, San Diego, CA) and visualized
by colloidal Coomassie blue staining (Colloidal Blue
Staining kit, Novex). The appropriate gel band of inter-
est were excised and subjected to in-gel reduction,
alkylation and tryptic digestion as described previously
[10].
Peptide Purification
All digests were desalted and concentrated on a micro-
column of POROS R2 material (Applied Biosystems,
Framingham, MA) packed into GELoader tips (Eppen-
dorf, Hamburg, Germany) as described previously [11,
12]. Columns were eluted using 60% methanol in 5%
formic acid directly into nanoelectrospray needles
(Proxeon Biosystems A/S, Odense, Denmark) and the
eluted fraction was subjected to mass spectrometric
analysis.
Mass Spectrometry
Precursor ion experiments were performed on a QSTAR
Pulsar quadrupole time of flight tandem mass spec-
trometer (AB/MDS-Sciex, Toronto, Canada) equipped
with a nanoelectrospray ion source (Proxeon Biosys-
tems). Precursor ion scanning experiments were ac-
quired with the Q2 pulsing function turned on using a
dwell time of 50 ms at a step size of 1 Da.
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Results and Discussion
Interfering Peptide Fragment Ions
The use of the various sugar oxonium ions (Hex at m/z
163.060, HexNAc at m/z 204.084 and HexHexNAc at
m/z 366.139) were investigated for the detection of
glycosylated peptides using precursor ion scanning
with high resolution, high accuracy fragment ion selec-
tion on a quadrupole TOF mass spectrometer. These
glycan specific reporter ions and their nominal masses
were first described and used by Carr et al. for the
selective detection of glycopeptides [3, 5]. However, a
lack of selectivity was reported resulting from numer-
ous peptide-related fragment ions with the same nom-
inal mass that cannot be resolved when low resolution
triple quadrupole tandem mass spectrometers are used.
These potentially interfering peptide fragment ions are
listed in Table 1. Only a, b, and y ions are considered
but not the concomitant loss of water or ammonia.
Optimizing Collision Energies
First, the abundance of characteristic “reporter”frag-
ment ion as a function of the collision energies was
determined. This was performed in an effort to maxi-
mize the sensitivity of the experiments as the sensitivity
of a given precursor ion experiment is directly propor-
tional the absolute abundance of the reporter fragment
ion. The collision energy was ramped over a wide range
for several different model glycopeptides with varying
N-linked and O-linked glycan structures. Several con-
clusions could be confirmed/drawn from those mea-
surements:
1. Glycans are extremely labile; very little collision
energy is required to induce the cleavage of the
glycosidic bonds.
2. O-linked glycans are more labile than N-linked gly-
cans.
3. Oxonium ions derived from O-linked glycans have
maximum intensities at collision energies approxi-
mately 1/30 of the numerical value of the precursor
m/z value.
4. Oxonium ions derived from N-linked glycans reach
a maximum at collision energies of approximately
1/20 of the numerical value of the precursor m/z
value (these estimates hold true for QSTAR instru-
ments and have to be optimized for the different
instrument types and models).
5. HexHexNAc oxonium ion at m/z 366 reaches a max-
imum at a lower collision energy than the HexNAc
oxonium ion at m/z 204, which might indicate that
the latter ion is formed by secondary fragmentation
of the former one (these estimates hold true for
QSTAR quadrupole TOF instruments and have to be
optimized for the different instrument types and
models).
In addition to increasing the sensitivity, the selectivity
also profits from these optimizations. If the optimum
collision energy for the formation of the reporter frag-
ment ion is far below or above the energy used for the
fragmentation of the peptide backbone, the formation of
potentially interfering fragment ions is considerably
reduced. This is observed for the glycopeptides tested
whereby the glycan fragments at much lower collision
energies than the peptide backbone. These extremely
low collision energy settings are distinct from most
other types of precursor ion scanning methods used for
protein modification analysis that require fairly high
collision energies in order to generate the reporter
fragment ion of interest. In the case of e.g., nitrotyrosine
or phosphotyrosine, collision energy settings that cor-
Table 1. List of exact masses and amino acid compositions of
all possible a-, b-, and y-type fragment ions of unmodified
peptides giving rise to signals at nominal masses of 163, 204
and 366
Fragment Ion m/z
Hex oxonium ion 163.060
y2 GS 163.072
HexNAc oxonium ion 204.084
a2 AC 204.081
a3 GSS 204.098
y2 AN 204.098
y3 AGG 204.098
y2GQ 204.098
y2GK 204.135
HexHexNAc oxonium ion 366.139
a3 DDY 366.130
a3 MMM 366.134
a3 DFM 366.149
a3 ETY 366.167
a3 MVY 366.185
a3 HQQ 366.189
a3 FFV 366.218
a3 HKQ 366.225
a3 HKK 366.262
b3 DSY 366.130
b3 AMY 366.149
b3 FMS 366.149
b3 HNN 366.153
b3 HMP 366.160
b3 TTY 366.167
b3 DHL 366.178
b3 EHV 366.178
b3 DHI 366.178
b3 AFF 366.182
y3 EMS 366.133
y3 DMT 366.133
y3 AEF 366.166
y3 PSY 366.166
y3 ALY 366.203
y3 AIY 366.203
y3 FIS 366.203
y3 FTV 366.203
y3 FLS 366.203
y3 HIP 366.214
y3 HLP 366.214
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respond to one tenth of the m/z value proved to be the
collision energy setting for the most efficient generation
of the immonium ion of interest. The precursors of 79
scanning method is fairly insensitive with respect to
increasing the collision energy settings as the PO3
 ion
does not significantly dissociate further once it is
formed.
Although the lability of the glycosidic bond is favor-
able for the sensitive and selective detection of glyco-
peptides by precursor ion scanning, it affects the frag-
mentation of the peptide backbone negatively as the
peptide fragmentation often only occurs as a secondary
fragmentation process. The peptide backbone fragmen-
tation commonly shows lower yields than primary
fragmentation process, i.e., the glycan fragmentation. In
order to induce peptide backbone cleavage to derive
peptide sequence information fairly harsh CID condi-
tions are required. This characteristic of heteroconju-
gates comprising peptides and other entities with gly-
cosidic bonds, such as glycopeptides or nucleic acid
peptide crosslinks, often makes it difficult to infer
sequence information from MS/MS data [13, 14].
Precursors of m/z 163
A synthetic glycopeptide with the sequence GFY-
FNKPSGYGSSSRRA was used for this experiment. The
peptide was glycosylated at Ser-8 (marked in bold face)
and has two mannose residues attached. In order to test
the specificity of the precursors of (m/z 163) experiment,
an excess of synthetic glycopeptide was spiked into an
myoglobin/lactoglobulin digest such that the ion signal
of the glycopeptide was observable in the mass spec-
trum of the peptide mixture (see Figure 1a; marked with
an asterisk). Approximately 2 picomoles were added to
1 picomole of digest. The low-resolution precursors of
m/z (163  0.25) experiment of this peptide mixture is
shown in Figure 1b. Even though the precursor ion
spectrum was acquired at low collision energy settings
optimized for selective glycopeptide detection, i.e.,
maximum oxonium ion abundance and minimum
peptide backbone fragmentation, a significant num-
ber of non-specific ion signals are observable apart
from the major ion signal at m/z 551.8 that is attrib-
utable to the excess of added glycopeptide. This
underscores the notion that this type of low-resolu-
tion precursor ion experiment shows a lack in selec-
tivity, i.e., when a low-resolution instrument such as
a triple quadrupole mass spectrometer is used for this
type of tandem mass spectrometric experiment. The
corresponding high resolution, high accuracy precur-
sors of m/z (163.06  0.02) experiment is shown in
Figure 1c. The gain in selectivity resulting from the
high resolution, high accuracy fragment ion selection
is obvious: The ion signal attributable to the glyco-
peptide is the major ion signal, but all other non-
specific ion signals are greatly reduced.
Precursors of m/z 204
A similar set of experiments was performed for the
N-acetylhexosamine oxonium ion at m/z 204.08. The
glycopeptide used for the previous set of experiments
could not be used, as it did not had any N-acetylhex-
osamine modification. Instead, a glycosylated cono-
toxin (XCCXDGW*CCTAAP#; X  -carboxyglutamic
acid, W*  bromotryptophan, P#  hydroxyproline)
which had a GalNAc-Gal moiety attached to the threo-
nine residue (marked in bold face) was used [15, 16].
Interestingly, this glycopeptide did not give rise to a
hexose oxonium ion at m/z 163 although it carries a
hexose moiety. This observation has been described
earlier for other glycopeptides [5]; according to Hud-
dleston et al. the hexose oxonium ion at m/z 163 is fairly
selective for mannose-rich glycopeptides. This glycosy-
lated conotoxin was spiked into a tryptic digest taken
from an ongoing protein identification project. The
mass spectrum of the resulting peptide mixture, shown
in Figure 2a, demonstrates the complexity of the mix-
ture. The results of the low and the high resolution
precursor ion experiments for the selective detection of
the precursors of m/z (204.00  0.25) and m/z (204.08 
0.02) respectively are shown in Figure 2b and c. The
precursor ion experiment was acquired ramping the
collision energy from 20 to 55 V for the m/z range 400 to
1100. Both precursor ion spectra look very similar with
respect to signal to noise ratio as well as total ion count
(the count rate is reduced by less than 20% in the case of
the high resolution setting): Both spectra display the
doubly charged glycosylated conotoxin at m/z 966.7, its
Figure 1. (a) is a mass spectrum of a complex tryptic digest of
lactoglobulin and myoglobin with a synthetic, glycosylated pep-
tide spiked into the digest. The synthetic peptide has two hexoses
attached via a O-glycosidic linkage. (b) displays the low resolution
precursors of m/z 163 ion scan for the complex mixture shown in
(a) whereas the (c) shows the high resolution precursors of m/z 163
scan. A clear increase in selectivity is observed in the case of the
high resolution scan.
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mono sodium adduct, and its counterparts without the
Gal-residue. At this low collision energy setting the
precursors of m/z 204 is remarkably specific also in the
low resolution mode. Although more interfering iso-
baric peptide fragment ions are expected for m/z 204
compared to m/z 163 (see Table 1). The observation that
the precursors of m/z 204 are very specific at low
collision energies was confirmed by other experiments
with standard glycoprotein digests as well as digests
from real samples (data not shown). A similar precursor
ion experiment was performed using collision energies
ramped from 40 to 110 V over the same m/z-range, i.e.,
at collision energies used for other precursor ion exper-
iments where a characteristic immonium ion is used as
reporter ion. Nonspecific ion signals are observable for
the high and the low resolution experiment (data not
shown). No signals for the glycopeptide were observed
any longer indicating that the oxonium ion undergoes
further fragmentation under those “higher energy” CID
conditions. This stresses the importance of adjusting the
collision energy for the given compound class by using
standard compounds for preliminary experiments (see
above).
Precursors of m/z 366
The same peptide mixture used in the previous exper-
iment was employed for testing the precursor of m/z 366
experiments. The collision energies were ramped from
15 to 40 V over the m/z range of 400 to 1100. The low
resolution precursor of m/z (366.1  0.25) is shown in
Figure 2d. The doubly protonated glycosylated cono-
toxin at m/z 966.7 and a slightly more intense mono-
sodium adduct are observed. This increased tendency
of metal cationized glycopeptides to lose the glycan
moiety has been reported before [5]. In addition, several
ion signals in the low and mid m/z range are present in
the precursor ion experiment and have the same or 60%
more abundance than the glycopeptide. This result is
contrasted by the high resolution precursors of m/z
(366.14  0.02) experiment (see Figure 2e). A clear
increase in selectivity is achieved. The glycopeptide-
derived ion signals form the most intense ion signals in
the precursor ion spectrum, whereas the non-specific
ion signals do not exceed 50% relative intensity. This
means that a threefold increase in specificity is obtained
when using high resolution, high accuracy fragment ion
selection for this type of precursor ion experiments.
Detection Limit
In order to examine the sensitivity of the precursors of
glycan fragments ions method, a dilution series of the
synthetic glycopeptide GFYFNKPS*GYGSSSRRA (S*
denotes the glycosylation site, two mannose residues
attached) was prepared and precursors of m/z (163.06)
experiments were preformed for each dilution. Since a
new nanoelectrospray needle was used for each exper-
iment carry-overs were avoided. Figure 3 shows the
precursor ion scan for a 17 nM solution (17 fmol/l;
determined by amino acid analysis): An ion signal for
the quadruply charged precursor at m/z 551 is observ-
able with a signal to noise ratio of 3 whereas the
glycopeptide is not visible in the corresponding normal
mode mass spectrum (data not shown). Although lower
detection limits have been described for unmodified
peptides this method is one of the most sensitive
methods described as yet for the analysis of glycopep-
tides. This fairly high detection limit results from the
Figure 2. (a) is a MS1 spectrum of a tryptic digest spiked with a
glycosylated conotoxin. (b) is the low resolution precursors of m/z
204 scan, and (c) is the high resolution precursor ion scan. Both
precursor ion scans were performed at low collision energy
conditions optimized to reduce nonspecific signals and the high
resolution scan does not offer greater specificity at these particular
conditions. (d) and (e) display low and high resolution precursors
of m/z 366 ion scans respectively. A significant increase in selec-
tivity is shown by the high resolution precursor of m/z 366 scan
compared with the low resolution scan.
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low ionization efficiency of glycosylated peptides as
compared to unmodified peptide species.
Applications of the Precursor Ion Scanning
Method
Two isoforms of a secreted recombinant urokinase
plasminogen activator receptor (UPAR) were separated
by SDS-PAGE. These isoforms had been expressed in
different cell lines and it was unclear whether the
differences in electrophoretic mobility resulted from a
truncation of the proteins or from differential modifica-
tions. As UPAR has four putative N-glycosylation sites,
three of which were previously characterized as being
glycosylated, it seemed feasible that the different mo-
bilities of these two proteins were caused by a different
glycosylation pattern due to the expression in different
cell lines. The two gel bands (indicated as F2 and F3
hereafter) were excised and in-gel digested prior to
desalting and concentration on microcolumns as de-
scribed above.
Figures 4a and 5a depict the mass spectra of the
peptide mixtures obtained after tryptic digestion of F2
and F3, respectively. Clear differences are observable in
the mass spectra. On closer examination of the spectra,
some of the differences are only caused by the intensi-
ties of the ion signals. However, it is time-consuming to
scan through the two spectra in an effort to ascertain
differences. Thus, in order to determine if the differ-
ences between these two recombinant proteins were
caused by different glycosylation patterns we per-
formed a precursors of m/z (204.08  0.02) experiment
on the two samples and compared these scans. The
collision energy was ramped during precursor ion scan
from 25 to 30 V in the m/z range of 400 to 1200 in order
to induce the formation of the HexNAc oxonium ions
while minimizing peptide backbone cleavages. Figures
4b and 5b show the two high resolution, high accuracy
precursor ion scans. The two precursor ion spectra
show clear differences in the glycosylation pattern for
the F2 and F3 scans. The F2 sample shows the high
intensity ion signals for one major ion signal at m/z 998
accompanied by its sodium adducts (Figure 4b). Some
minor ion signals around m/z 900 and 1050 are also
observable. This glycosylation profile is contrasted by
the one observed for F3 as shown in Figure 5b. Intense
ion signals at m/z 898 and 950 are observable in addition
to a rather high background between m/z 900 and 1100,
which indicates highly heterogeneous glycosylation.
The precursors giving rise to major ion signals in the
precursor ion experiment were selected for product ion
experiments. In order to obtain peptide sequences from
the product ion experiment, i.e., to induce peptide
backbone fragmentation which is a secondary process,
product ion spectra were collected with collision energy
settings higher than normally used for peptide frag-
mentation (see above).
The product ion spectrum of the triply charged
precursor at m/z 988.09, derived from sample F2, is
shown in Figure 6. The major ion signals in the lower
and mid m/z range are attributed to glycan fragmenta-
tion and glycan-specific fragment ions respectively.
Nevertheless, it is possible to derive the complete
peptide sequence GNSTHGCSSEETFLIDCR based on
singly and doubly charged y fragment ions (singly
charged y-ions are marked with dotted lines). It was not
Figure 3. A high resolution precursor of m/z 163 scan showing
the detection limits of the glycan derived fragment ion scan. The
sample analyzed was a synthetic glycopeptide at a concentration
of 17 nM or 17 fmol/l.
Figure 4. (a) displays the mass spectrum of a UPAR F2 tryptic
digest. The inset shows the m/z range of the glycopeptide. (b)
shows the high resolution precursors of 204 scan of this UPAR F2
digest at the optimized collision energy settings. An intense signal
is observed at m/z 988 for this isoform of UPAR.
Figure 5. (a) is the mass spectrum of the F3 UPAR tryptic digest
and (b) is the high resolution precursors of m/z 204 scan of this F3
digest. This F3 isoform displays its most intense signal at m/z of
898.
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possible to localize the glycosylation site based on the
fragmentation pattern since the glycan was cleaved off
as a primary fragmentation. However, since there is
only one asparagine residue/NXT motif (marked in
bold face) it is safe to assign the N-glycosylation site,
especially as previous studies have shown that the
marked asparagine residue is a glycosylation site [17].
The glycan structure/sequence could be determined to
be (HexNAc)2-(Hex)3 with the HexNAc residues at-
tached to the peptide. Based on this previous study, it is
presumed that this pentasaccharide adopts a bianten-
nary, though more experiments are required to confirm
both notions.
The product ion spectrum of the quadruply charged
precursor at m/z 898.13, which gave rise to one of the
major ion signals in the precursor ion experiment of the
F3 sample, is shown in Figure 7. The lower m/z range is
dominated by the HexNAc and the HexHexNAc oxo-
nium ion at m/z 204 and 366 in addition to prominent
peptide-derived a and b ions which allow the identifi-
cation of the glycosylated peptide. In contrast to this,
the higher m/z range is dominated by fragment ions
corresponding to the fragmentation of the glycan. No
obvious peptide-derived b or y ions could be identified
in this part of the product ion spectrum. Nevertheless,
the product ion information was sufficient to identify
the peptide sequence as GCGYLPGCPGSNGFHNNDT-
FHFLK. Even though it was not possible to unambigu-
ously identify the site of glycosylation, the NXT motif
(marked in bold face) strongly suggest N-glycosylation
on that asparagine residue; this notion is supported by
previous studies [17]. The glycan structure/sequence
seems to be identical to the glycan structure determined
for the precursor described above.
Other ions giving rise to a signal in the precursor of
204.08 scans were also fragmented and found to be
glycosylated peptides; a detailed study will be pub-
lished elsewhere. These data shows the utility, specific-
ity, and sensitivity of the high resolution precursor ion
scan for the detection of glycopeptides.
Conclusion
In this study, glycopeptide-specific precursor ion scan-
ning was re-examined to take advantage of the recently
introduced high resolution, high accuracy fragment ion
selection on quadrupole TOF type hybrid tandem mass
spectrometers. The data were compared with low res-
olution experiments resembling those on triple quadru-
pole tandem mass spectrometers, the traditional instru-
ment for the precursor ion experiment. The low
resolution experiments show a clear lack of specificity,
especially for the Hex and HexHexNAc oxonium ions at
m/z 163 and 366, respectively. The use of high resolu-
tion, high accuracy fragment ion selection significantly
reduced the number of nonspecific ion signals in the
precursor ion spectrum. Specificity was also increased if
the applied collision energies were optimized for max-
imum oxonium ion generation and minimum peptide
backbone fragmentation and this turned out to be
crucial for sensitive and selective precursor ion experi-
ments. The good selectivity of the precursors of m/z 204
experiment, which specifically chooses HexNAc-form-
ing precursors, was not further improved by using high
resolution, high accuracy fragment ion selection under
low collision energy conditions.
However, the fact that glycans often give rise to
multiple “reporter” ions helps to increase the confi-
dence in identifying glycopeptides in complex peptide
mixtures even when the specificity of one precursor ion
experiment is suboptimal due to isobaric interferences.
The detection limits for the precursors of m/z 163
were determined to be below 20 nM and should be in
the same range for the precursors of m/z 204 experiment
and slightly poorer (i.e., higher) for the precursors of
m/z 366 experiment since this oxonium ion is normally
of lower abundance than the oxonium ions at m/z 163
and 204 (if multiple oxonium ions are present).
The improved precursor ion method with optimized
collision energies and high resolution fragment ion
selection was used to investigate the different glycosyl-
ation pattern of secreted urokinase plasminogen activa-
Figure 6. Product ion spectrum of the triply charged precursor at
m/z 988, i.e., the predominant ion in the F2 the precursors of m/z
204 scan spectrum. The sequence derived from the peptide frag-
mentation is shown above the spectrum. Singly charged y-ions are
marked with dotted lines and asterisks demarcate ions giving rise
to glycan sequence information.
Figure 7. Product ion spectrum of the predominant ion in the F3
precursors of m/z 204 scan at m/z of 898; here the ions that provide
glycan structural information are in the higher m/z range. The
peptide sequence derived from the product ion spectrum is
displayed above the spectrum. Singly charged b-ions are marked
with dotted lines and asterisks demarcate ions giving rise to
glycan sequence information.
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tor receptor proteins, expressed in two different cell
lines. Clear differences could be determined explaining
the different migration behaviors under SDS-PAGE
conditions. These improved high resolution precursor
ion scanning experiments can therefore be used to
identify and localize unknown glycosylated peptides in
peptide digest mixtures. The increased specificity re-
sults in less time being spent on acquiring MS/MS data
from peptides that produce fragments of the same
nominal mass.
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